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SLIHMRY AM CONCLUSIONS. 
The a im of t h i s  t h e s i s  was t o  investigate whether t h e  l e n g t h  o f  t h e  
e x c i t a t i o n  wawe i n  c a r d i a c  muscle can be used as an i n d i c a t o r  f o r  t h e  r i s k  o f  
occurrence o f  r e e n t r a n t  a r rhy thmias .  Whether an impulse can be t r a p p e d  i n  a 
c i r c u i t o u s  r o u t e  depends b o t h  on t h e  inhomogenei ty  i n  e x c i t a b i l i t y  and 
c o n d u c t i o n  and on t h e  s i z e  of t h e  r e e n t r a n t  c i r c u i t .  The d e l i c a t e  i n t e r p l a y  
between these  two e l  e c t r o p h y s i ~ l o g i c a l  p r o p e r t i e s  a c t u a l  l y  determines t h e  
ch~ance o f  i n i t t a t i o n  o f  a  f u n c t i o n a l l y  determined c i r c u i t .  I f  t h e  s i z e  o f  a 
c i r c u i t  i s  sma l l ,  a  smal l  area o f  conduc t ion  b l o c k  w i i l l  be s u f f i c i e n t  t o  s e t  
t h e  s tage  f o r  a  r e e n t r a n t  ar rhythmia.  On the o t h e r  hand i f  t h e  dimensions of 
a c i r c u i t  a r e  l a r g e ,  a  l a r g e  area o f  c o n d u c t i o n  b l o c k  i s  r e q u i r e d  f o r  t h e  
occur rence  o f  r e e n t r y .  The s i z e  a f  a  f u n c t i o n a l l y  determined r e e n t r a n t  
c i r c u i t  i s  equal t o  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  wave, because a  t i g h t  f i t  
e x i s t s  between head and t a i l  of t h e  wave f r o n t .  I n t e r v e n t i o n s  which s h o r t e n  
t h e  wave l e n g t h  o f  t h e  c a r d i a c  impulse w i l l  decrease t h e  s i z e  o f  t h e  
r e e n t r a n t  c i r c u i t .  As a  consequence t h e  number o f  c i r c u i t s  which can be 
s imu l taneous ly  present  i n  a  g i v e n  mass o f  h e a r t  t i s s u e  inc reases .  The chance 
o f  spontaneous t e r m i n a t i o n  o f  a l l  c i r c u i t s  a t  t h e  same t i m e  w i l l  be low. 
However i f  an i n t e r v e n t i o n  p ro longs  t h e  wave l e n g t h ,  t h e  s i z e  o f  t h e  
r e e n t r a n t  c i r c u i t  w i l l  increase.  As a  r e s u l t  o n l y  a  l i m i t e d  nuniber o f  
c i r c u i t s  can be p resen t  a t  t h e  same t ime,  nvalking spontaneous t e r m y n a t i o n  
l i k e l y .  I f  our  hypo thes is  i s  c o r r e c t  t h a t  t h e  l e n g t h  o f  t h e  e x c j t a t i o n  wave 
i n d i c a t e s  t h e  rSsk o f  occurrence o f  r e e n t r a n t  a r r~hy thmias  we should expect  
t h a t  i n t e r v e n t i o n s  which are known t o  f a c i l i t a t e  t h e  i n i t i a t i o n  o f  r e e n t r a n t  
a r r h y t h m i a s  w i l l  cause a  s h o r t e n i n g  o f  t h e  wave l e n g t h  o f  t h e  c a r d i a c  
i m p u l s e .  I n t e r v e n t i o n s  w h i c h  t e r m i n a t e  r e e n t r a n t  a r r h y t h r n l a s  s h o u l d  b e  
expected t o  i n c r e a s e  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  wave. 
I n  chap te r  2 a  s imp le  method t o  measure t h e  l e n g t h  o f  t h e  e x c i t a t i o n  
wave i n  aru' i s o l a t e d  s t r i p  o f  l e f t  a t r i a l  t i s s u e  i s  descr ibed.  By s i m u l -  
t a n e o u s l y  m e a s u r i n g  c o n d u c t i o n  v e l o c i t y  and  r e f r a c t o r y  p e r i o d  o f  t h e  
a lc t i  wa t ion  wave under c o n d i t i o n s  comparable t o  those  d u r i n g  a r e e n t r a n t  
t a c h y c a r d i a  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  wawe can be caScullated f rom these  
two b a s i c  e l e c t r o p h y s i o l  e g i c a l  parameters. 
PI w e l l  known method t o  i n l i t f a t e  r e e n t r a n t  arrhythmlias i s  p r o g r a m d  
e l e c t r i c a l  s t i m u l a t i o n  o f  t h e  hear t .  By e i t h e r  app l y i ng  a  p r o p e r l y  t imed 
premature stirnullus o r  by pacfng t h e  h e a r t  a t  a  r a p i d  r a t e ,  r e e n t r a n t  
a r r h y t h m i a s  can  be  i n i t i a t e d  as  w e l l  as t e r m i n a t e d .  I n  c h a p t e r  3 a  
d e s c r i p t i o n  i s  g i ven  o f  thle measurement o f  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  wave 
d u r i n g  thSs  k5nd o f  programmed e l e c t r i c a l  s t imu la t i on .  It t u r n e d  au t  t h a t  t h e  
l e n g t h  of t h e  e x c i t a t i o n  Nave o f  t h e  e a r l i e s t  poss i b l e  premature impulse was 
t h e  sho r t es t .  At p rog ress i ve l y  1 onger cloupl i n g  i n t e r v a l s  t h e  nave l e n g t h  o f  
the premature beat r a p i d l y  prolonged. I t  was observed t h a t  t h e  wave l e n g t h  
was o n l y  shor tened i n  a  narl-ow zone of p rema tu r i t y  (30 - 40 msec a f t e r  t h e  
r e f r a c t o r y  pe r i od ) .  Th is  i s  cons i s t en t  n i t l h  t h e  f i n d i n g  t h a t  t h e  r een t ran t  
a r rhy thmias  u s u a l l y  can be i n i t i a t e d  by c r i t S c a l l i y  tl",med premature beats.  
Furthermore i t  was found t h a t  t h e  wave l e n g t h  o f  t h e  ca rd i ac  impulse was a l s o  
cons ide rab l y  shortened a t  h i gh  pac ing  r a t e s  ( f a s t e r  t han  5 f-lz). Both t h e  
sho r t en i ng  o f  t h e  wave l e n g t h  o f  premature impulses and t h e  sho r t en i ng  o f  t h e  
l e n g t h  o f  t h e  e x c i t a t i o n  wave d u r i n g  r a p i d  pacing support  our  hypothesis .  
I n  a d d i t i o n  changes i n  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  wave were measured 
d u r i n g  severa l  i n t e r v e n t i o n s  whic~h a re  lknawn t o  e x e r t  an arrhythmogenic o r  
an t i a rhy thm ic  ac t i on .  The e f f e c t s  o f  changes i n  temperature (chap te r  41 ,  i n  
t h e  e x t r a c e l l u l a r  potassium concen t ra t i on  (chap te r  51, o f  carbamyllcholinie and 
ep inephr iqe  ( chap te r  6 )  and o f  a n t i a r r h y t h m i c  drugs such as 1  idoca ine  
( c h a p t c r  J ) ,  qwin id ine  (chap te r  & ) ,  awabain (chap te r  91 ,  verapami l  ( chap te r  
10) and an~iodarone ( cap te r  11) were I nves t i ga ted .  I n  t h e  f i g u r e  below a  
summary o f  t h e  r e s u l t s  Ss presented. I n  t h i s  graph t h e  l e n g t h  o f  t h e  
e x c i t a t i o n  wave ( o r d i n a t e )  i s  p l o t t e d  as a  f u n c t i o n  o f  t h e  minfrnal pac ing  
c y c l e  l e n g t h  ( abc i ssa ) .  I h e  e f f e c t s  o f  va r ious  i n t e r v e n t i o n s  can be d i v i d e d  
i n  t h r e e  groups: 1)  i n t e r v e n ~ t i o n s  which shor ten  t h ~ e  nave l e n g t h  - i n d i c a t e d  
by t h e  arrows p o i n t i n g  downwards -, 2 )  i n ~ t e r v e n t i o n s  which do no t  i n f l u e n c e  
t h e  wave l c n g t k  o f  t h e  impulse - i n d i c a t e d  by t h e  arrows p a i n ~ t i n g  ho r i zon -  
t a l l y  t o  t h e  r i g h t  - and 3 )  i n t e r v e n t i o n s  which p ro l ong  t h e  wave l e n g t h  - 
~ n d i c a t e d  by t h e  arrows p o i n t i n g  upwards and t o  t h e  r i g h t .  
Ad 1) 00 th  a  l owe r i ng  o f  t h e  e x t r a c e l l  u l  a r  potassium concen t ra t i on  and 
adr~ i in i  s t r a t i  on o f  carbamylchol i n e  cause a  sho r t en i ng  o f  t h e  wave l e n g t h  
(a r rows p o l n t  i n g  downwards). These i n t e r v e n t i o n s  a re  we1 1  lknown f o r  t h e i r  
arrhythmogenic behavior. The observed sho r t en i ng  o f  t h e  wave l e n g t h  i n  t h e  
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A s m a p y  of the effects of differsnt interventions on dhe wdve length 
and on the minim%$ pacing imteroaZ. A%iodarono (40  mg/kg[$ ,ay l ,  
carbarnylcFLoZirae ( 4 d O  g/mZ 1, lidocaine (5x20- gJmZ J ,  oorabain ( 3 ~ 1 0  M E ,  
tow potcsssium (2.0 MI,  high potassium f9.0W1, quinidine (group IS), lostl 
temperature 626 "CI. 
i s o l a t e d  a t r i a l  rnuscre, as measured i n  t h i s  study, i n d i c a t e s  t lhat t h e  s i r e  o f  
a f u n c t i o n a l l y  determin~ed c i r c u i t  decreases. T h i s  i s  cons i s t en t  w i t h  t h e  
arrhythmogenic behav io r  o f  these  i n t e r v e n t i o n s .  Fur thermore on,e can expect 
t h a t  t h e  c y c l e  l e n g t h  o f  t h e  r e e n t r a n t  t achyca rd i a  w i l l   shorten^, as irrdl icated 
by t he  f ac t  t h a t  t he  arrow a l s a  p o i n t s  t o  t h e  l e f t .  
Ad 2 )  The e f f e c t s  o f  l i d o c a i n e ,  anifodarone and moderate c o o l i n g  a re  
i n d i c a t e d  by t h e  arrows p o i n t i n g  almost h o r i z o n t a l l y  t o  t he  r i g h t .  ]he l e n g t h  
loif t h e  e x c i t a t i o n  wave i s  h a r d l y  a f f e c t e d  ( h o r i z o n t a l  p o s i t i o n  o f  the  
arrows) ,  whereas t h e  min imal  pac ing  in terval  i s  ,prolonged (arrows p o i n t i n g  t o  
t h e  r i g h t ) ,  indicating t h a t  t h e  r e v o l u t i o n  t ime  o f  a r e e n t r a n t  c i r c u l t  w i l l  
increase.  The c l i n i c a l  r e s u l t s  o f  t h e  t rea tment  o f  a t r i a l  f i b r i l l a t i o n  w i th  
l i d o c a i n e  i s  i n  agreement w i t h  these f i rrdl ings. Moderate c o o l i n g  d u r i n g  a 
c i r c u s  movement based on a  f u n c t i o n a l l y  determined r e e n t r a n t  c i r c u i t  , causes 
a s l ow ing  o f  t h e  r a t e  o f  t h e  a r rhy thmia ,  w i t hou t  a ma jo r  change i n  t h e  s i z e  
o f  t h e  r e e n t r a n t  c i r c u i t .  Not i n  agreement w i t h  ou r  hypothesis i s  the  
obse rva t i on  t h a t  amiodarone does no t  pro1 ong t h e  l e n g t h  of t h e  e x c i t a t i o n  
wave i n  t h e  a t r i a l  rriyocardium. T h i s  d isc repancy  between t h e  we1 l doc~umented 
a n t s ' f i b r i l l a l o r y  a c t i o n  o f  amiodarone i n  t h e  human a t r i u m  and t h e  f i n d i n g  
t h a t  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  krave j n  t h e  r a b b i t  a t r i a l  muscle i s  n o t  
pro longed,  c o u l d  n o t  be exp la ined .  I t  i s  p o s s i b l e  t h a t  t h e  pharmacokinet ic  
b e h a v i o r  s f  arniodtlrone d i f f e r s  from species t o  species. 
Ad 3 )  A t h S r d  ca tegory  c o n s i s t i n g  o f  hyperkalemia and o f  t h e  a n t i -  
a r r h y t h m i c  drugs ouabain and q u i n i d i n e  i s  i n d i c a t e d  by t h e  arrows p o i n t i n g  
upwards and t o  t h e  r i g h t .  Ouabain causes a  s l i g h t  p r o l o n g a t i o n  o f  t h e  min imal  
pac ing  c y c l e  l e n g t h  and a smal l p r o l o n g a t i o n  o f  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  
wave. llowever b o t h  lqlulinidine and hyperkalemia! caltrsed a  pronounced p r o l o n -  
g a t i o n  o f  t h e  minimal pac ing  i n t e r v a l ,  indl icaited by a  l a r g e  s h i f t  t o  t h e  
r l g h t .  S imul taneously  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  wave i s  markedly  p r o -  
longed. I n  o t h e r  words i f  q u i n i d i n e  i s  adrnfnlistered o r  i f  t h e  potass ium 
c o n c e n t r a t i o n  i s  e l e v a t e d  t h e  s low ing  i n  t h e  r a t e  o f  a r e e n t r a n t  a r r h y t h m i a  
i s  accompanlied by a  p r o l o n g a t i o n  o f  t h ~ e  l e n g t h  o f  t h e  e x c i t a t i o n  wave - 
indicating t h a t  t h e  r e e n t r a n t  c i r c u i t  w i l l  i nc rease  i n  s i ze .  As a  consequence 
t h e  chance o f  spontaneous t e r n i i n a t i o n  o f  t h e  a r rhy thmia  becomes more l i k e l y .  
These f i n d i n g s  suppor t  o u r  hypo thes is ,  s i n c c  b o t h  hyperkalemia and q u i n f d i  ne 
a d m i n ~ s t r a t i o n  a r e  c l a s s i c a l  ways t o  te rn i ina te  a t r i a l  f i b r i l l a t i o n .  
I n  c o n c l u s i o n  t h e  measurement o f  t h e  l e n g t h  o f  t h e  e x c i t a t i o n  wave i n  
i s o l a t e d  a t r i a l  t i s s u e  i s  a  r a p i d  and easy rriethod wh ich  can unrave l  t h e  
d i r e c t  e f f e c t s  o f  d i f f e r e n t  drugs on t h e  wave l e n g t h  o f  t h e  c a r d i a c  impulse. 
A s h o r t e n i n g  o f  t h e  wave l e n g t h  i n d i c a t e s  an inc reased  r i s k  o f  occurrence o f  
r e e n t r a n t  ar rhythnr las i f  t h e  i~nhornogrneity i n  e x c i t a b i l i t y  and conduc t ion  i s  
ualchangecl, whereas an i n c r e a s e  i n  t h e  Nave l e n g t h  w i l l  make i n i t i a t i o n  o f  a 
r e e n t r a n t  c i r c u i t  more d i f f i c u l t  and spontaneous t e r m i n a t i o n  more l i k e l y .  The 
r e s u l t s  o b t a ~ n e d  i n  t h i s  t h e s i s  suppor t  t h e  hypo thes is  t h a t  t h e  l e n g t h  o f  t h e  
e x c i t a t i o n  wave can be used as an i n d i c a t o r  f o r  t h e  r i s k  o f  occurrence of 
r e e n t r a n t  ar rhyt l imias.  
SRMENVATTING EN CDNCLUSSES 
Een r e g e l m a t i g e  sarnentrekking van de h a r t s p i e r  i s  van e v i d e n t  be lang 
voor h e t  f u n c t i o n e r e n  van h e t  menrsel i jk l ichaam. Dere samentrekk ing wordt 
ve roorzaak t  door  een e l e c t r i  sclhe a c t i v a t i e g o l  f ,  d i e  z i  ch g e l  i j k m a t i g  en met 
g r o t e  snel  h e i d  (50 - 100 cm/sec) i n  de h a r t s p i e r  v o o r t p l a n t .  Fen derge l  i j k e  
a c t i v a t i e g o l f  word t  i n  r u s t  70 - 8G k e e r  per  minuut  gegenereerd. f inder 
bepaalde omstandigheden e c h t e r  kan een v e r s t o r i n g  i n  d i t  r i  tme p l  a a t s  v l  nden 
w a a r b i j  rowel  f e n  v e r t r a g i n g  a l s  een v e r s n e l l i n g  van de har t f rekwent l i e  lkan 
onts taan.  S o m i g e  r i t m e s t o o r n i s s e n  kunnen zo snel  z i j n  (6100 - 700 "s lagen"  
per  m inuu t )  d a t  ze de normale pompfunct ie  van h e t  h a r t  v e r s t o r e n  haardoor  de 
b l o e d v o o r z i e n i n g  i n  h e t  1  ichaam s tagneer t .  
Deze s n e l l e  r i t m e s t o o r n i s s e n  kunnen worden veroorzaak t  door  be t  f e i t  d a t  
de h a r t  s p i  e r  voor tdurend  geact i veerd wordt.  Kader onderzoelk h e e f t  aangetoond 
d a t  de a c t i v a t i e g o l f  z i c h  dan i n  een c i r k e l v o r m i g  pad woostp lant .  Een van de 
f a c t o r e n  d i e  h e t  onstaan van c i r k e l g e l e i d i n g  kan bepalen i s  de g r o o t t e  van 
h e t  c i r c u i t .  A l s  h e t  c i r c u i t  k l e i n  i s  i n  verhouding t o t  de g r o o t t e  van h e t  
h a r t  kunnen meerdere c i r c u i t s  t e g e l i j k e r t i j d  aanwezig z i j n .  De kans d a t  deze 
c1rc lu i t s  a1 lernaal op h e t z e l f d e  moment stoppen i s  k l  e i n .  blanneer h e t  c i r c u i t  
ech te r  g r o o t  i s  kunnen e r  s l e c h t s  een beperk t  a a n t a l  t e g e l i  j k  aanwezig z i j n  
en neen~t de kans op spontaan stoppen ewenredig toe. Ook b i j  h e t  s t a r t e n  van 
deze r i t m e s t o o r n i s  i s  de g r o o t t e  wan h e t  c i r c u i t  van belang.  Iloe k l e i n e r  h e t  
c l r c u i t  des t e  gen iakke l i j ke r  d i t  p a s t  i n  de h a r t s p i e r ,  hoe g r o t r r  h e t  c i r c u i t  
des t e  moe i l  i j k e r .  
De g r o o t t e  van een d e r g e l ~ j k  c i r c u i t  i s  g e l i j k  aan dc g o l f l e n g t e  wan h e t  
a c t i v a t i e f r o n t .  I n  hoofdstuk 2 wordt  een eenvoudige rnethode beschreven 
waarmee de g o l f l e n g t e  genreten kan worden. I n  deze s tw t i i e  werd de g e i s n l e ~ r d e  
l i n k e r  hartboezem van h e t  k o n i j n  gebrw ik t .  Cen t raa l  s t a a t  de gedachte d a t  
v e r k o r t i n g  van de g o l f l e n g t e  de kans op h e t  o n t s t a a n  en voor tduren  van deze 
c i r k e l g e l e i d i n g  werhoogt. Daarentegen z a l  een l a n g e r e  g o l f l e n g t e  de kans o p  
h e t  on ts taan  en voor tduren  verminderen. De go1 f l engte werd glernetcni onder 
omstandigheden, d i e  h e t  op t reden  van c i r k e l  g e l e i d i  ng bevorderen en onder 
omstandigheden d i e  d i t  tegcngaan. Wanneer de g o l f l e n g t e  inderdaad eeln van de 
f d c t o r e n  l;s d i e  de kans op h e t  op t reden  van c i r k e l g e l e i d f n g  weergeeft  
veswachten w i  j d a t  deze i n t e r v e n t i  es de go1 f l l e n g t e  op rorresponderende w i  j z e  
zlul l e n  veranderen. 
Een van de metholden om c f r k e l g e l e S d i n g  i n  h e t  h a r t  op t e  wekken i s  
gepragrammeerde e l e c t r ~ i s c h e  s t imwl  a t i e .  Door h e t  toed ienen  wan e l  e c t r i s c h e  
p r i k k e l s  o p  bepaalde t i j d s t i p p e n  o f  door  h e t  snel  p r i k k e l e n  van h e t  h a r t  kan 
c i r k e l g e l e i d l n g  opgewekt worden. Het b leek  d a t  b e i d e  vormen van e l e c t r i s c h e  
s t i r n u l a t i e  een v e r k o r t i n g  van de g o l f l e n g t e  teweegbrachten (hoo fds tuk  31. 
Deze b e v i n d i n g  i s  i n  overeenstemmin~g met de gedachte d a t  een v e r k o r t i n g  van 
de g o l f l e n g t e  h e t  op t reden  van c i r k e l g e l e i d i n g  bevorder t .  
0ok werden tlrree andere i n t e r v e n t i e s  bestudeerd d i e  bekend staan om hwn 
arrhyth~mogene ( = r i t m e s t o o r n i  s  bevorderende) eigenschappen ; n l  . een 1 age 
k a l i u m  c o n c e n t r a t i e  (hoo fds tuk  5 )  en een hoge c o n c e n t r a t i e  a c e t y l c l h o l i n e  
(hoofdstwk 6). Dok onder deze omstandigheden werd de g o l f l e n g t e  aanrnerke l i j k  
k o r t e r ,  geheel i n  overeenstemming met bovenvermelde hypothese. 
Een tlrreede methocfe om de hypothese t e  t o e t s e n  bestand u i t  h e t  
toepassen wan i n t e r v e n ~ t f e s  d i e  de kans ep h e t  op t reden  wan deze vorm van 
r i t m e s t a o r n i s  n i e t  o f  n a u w e l i j k s  be inv loeden.  Voorbeelden h i e r v a n  s i j n  mat ige  
a f k o e l  i n g  (hoofdst luk 4 ) ,  1  i c h t e  hyperkalemie (hoe fds tuk  5 )  en de a n t i -  
a r r h y t h m i c a  l j d o c a i n e  ( h o o f d s t u k  7 )  e n  v e r a p a m i l  ( h o o f d s t u k  1 0 ) .  De 
g o l f l e n g t e  werd z o a l s  vervaclht door deze j n t e r v e n t i e s  n i e t  noemenswaardig 
be1 n v l  oed. 
T e n s l o t t e  lrrerd h e t  e f f e c t  van een a a n t a l  a n t i - a r r h y t h r n i c a  bestudeerd 
waarvan bekend i s  d a t  r e  deze vorm van c i r k e l g e l e i d i n g  b e s t r i j d e n .  Twee van 
deze rniddelen z i j n  q w i n i d i n e  (hoo fds tuk  8 )  en auabaine (hoofd ls tuk 9 ) .  Deze 
v e r o a r z a a k t e r v  i n d e r d a a d  een  v e r l e n g i n g  wan d e  g o l f l e n g t e .  Een d e r d e  
geneesmiddel, aro~lodarone (hoo fds tuk  11), b leek  geen e f f e c t  t e  hebben op de 
g o l f l e n g t e .  b i t  r e s u l t a a t  i s  n i e t  i n  o v e r e e n s t e m i n g  met onze hypothcse. Een 
dw ide l  i j k e  v e r k l  a r i n g  vaor  d i t  v e r s c h i l  werd n i e t  gevonlden. Een nlogel i j k e  
v e r k l a r i n g  zou kunnen l i g g e n  i n  h e t  f e i t  d a t  h e t  metabol isme van amiodarone 
b i  j h e t  k o n i  j n  anders v e r l o o p t  a l s  b i j  de mens. 
Csn~cluderend klunnen we s t e l l e n  d a t  m e t i n g  van de g o l f l e n g t e  i n  h e t  
g e i  sol leerde har tsp ierwee- fse l  een eenvoudige n~ethode l s, waarmee de d i r e c t e  
e f f e c t e n  van a l l e r l e i  i n t e r v e n t i e s  op de l e n g t e  van de a c t i v a t i e g o l f  gemeten 
k u n n e n  worden. De r e s u l t a t e n  van  de i n  cfit p r o e f s c h r t i f t  b e s c h r e v e n  
i n t e r v e n t i e s  ondersteunen de hypothese d a t  de g o l f l e n g t e  een b e l a n g r i j k e  
f a c t o r  i s  D i j  h e t  o n s t a a n  en h e t  v o o r t d u r e n  van deze  vorm v a n  
r i t m e s t o o r n i  ssen. 
